Al distribution in the Solar System [6] , and the two systems usually produce internal isochron ages. On the other hand, the 53 Mn-53 Cr chronometer (T1/2= 3.7 Myr), is suitable and robust for dating early Solar System events [7] .
The non-mass dependent variations of the 54 Cr/ 52 Cr ratio (reported here as ε 54 Cr, the relative deviation in parts per ten thousand of the internally normalized 54 Cr/ 52 Cr ratio of the sample relative to the standard) can be used to trace the origins of Solar System materials (including chondrules). This is because it shows widespread heterogeneous ε
54
Cr signatures in the Solar System [8, 9] . Therefore, this Cr isotopic study of chondrules from CO3 chondrites (one the of most primitive chondrite group) will contribute to the understanding of the formation timescales and origins of chondrules.
Sample and analytical methods: A ~6g sample of Ornans (CO3.4) was gently crushed and sieved. The fraction that contained grains greater than 500 µm was retained, and the largest chondrules were handpicked from this fraction for analyses. Nine individual chondrules were dissolved in a mixture of HF+HNO3 (2:1) and followed by aqua regia on a hot plate (170 ℃). Before chemical separation of Cr, ~15% aliquots were preserved for precise determination of the 55 Mn/
52
Cr ratio (using standard addition method) and major element contents by ICP-MS.
The Cr purification protocol is based on the procedure described in [10] involving a two-step cation exchange column protocol. The Cr isotopic compositions of the samples were analyzed by Triton Plus TIMS at
State Key Laboratory of Geological Processes and Mineral
Resources, China University of Geosciences, Beijing. Each sample was run 4-6 times on Re filament. NIST SRM 3112a was used as the standard and all the raw Cr isotopic data were normalized to a 50 Cr/ 52 Cr ratio of 0.051859 using the exponential law [7] .
Results: The ε 
Figure 1 Mn-Cr external isochron for nine chondrules from Ornans (CO3.4) carbonaceous chondrite.
Discussion: The slope of the isochron gives an initial 53 Mn/ 55 Mn ratio of (7.1 ± 1.6) × 10 -6 and the intercept gives an initial ( The heterogeneous ε
54
Cr values which correlate with ε 53 Cr values and Mn/Cr ratios likely reflect a mixing process of 2 reservoirs, i.e. silicates (excluding CAIs) in CAI region and CI chondrites. Materials that formed in the CAI-forming region, which is generally assumed to have been formed close to the Sun (<0. [10] , which is higher than those of all the chondrules analyzed in Ornans. Assuming that CI chondrites represent the most primitive material in the CC forming region (located in the outer Solar System, beyond the orbit of Jupiter) [18], our results are consistent with a large-scale transportation of materials from the inner to the outer Solar System in the early protoplanetary disk.
In addition, chondrules from chondrites with the highest CAI contents (e.g., CV and CO chondrules) exhibit larger ε 54 Cr variations than chondrules from those containing fewer CAIs (e.g., CB and CR chondrules) (Figure 3 ), which suggests a grand transportation from inner to outer Solar System, and CV and CO chondrite accretion regions should receive more material transported from the CAI-forming region. 
